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We analyze the semileptonic rare decays of B meson to _K'i(1270) and A'i(1400) axial vector 
mesons. The B — > _ft'i(1270, 1400)^^^" decays are significant fiavor changing neutral current decays 
of the B meson. These decays are sensitive to the new physics beyond SM, since these processes are 
forbidden at tree level at SM. These decays occurring at the quark level via b -> s£^£~ transition, 
also provide new opportunities for calculating the CKM matrix elements Vm and Vts. In this study, 
the transition form factors of the B — ^ _K'i(1270, 1400)i''*'^~ decays are calculated using three-point 
QCD sum rules approach. The resulting form factors are used to estimate the branching fractions 
of these decays. 

PACS numbers: 11.55.Hx, 12.38.Lg, 13.20.Eb 

I. INTRODUCTION 

In standard model (SM), the flavor changing neutral current (FCNC) decays of B meson are forbidden at tree level 
and occur only at loop level. These decays are good candidates for searching new physics (NP) beyond SM or the 
modifications on the SM. Some of these rare FCNC decays of B meson; semileptonic and radiative decays into a vector 
or an axial vector meson, such as B ^ K*{892)-f B Ki{mQ, 1400)7[| and B K°* {m2)e+ e- 

[i] have been observed. For the channel B K* {%92)i+ , the measurement of isospin and forward backward 
asymmetries at BaBar are also reported [7- 9]. For the radiative decays of B meson into Ki{1270, 1400) axial vector 
meson states. Belle reported the following branching fractions [l0|: 

B{B+ ^ Ki{mQ)+-i) = (4.28 ± 0.94 ± 0.43) X 10"^ 

B{B+ ^ Ki{UQQ)+-i) < 1.44 xlO"^ (1) 

The semileptonic B — > /fi(1270, 1400)^?+^^ decays are significant FCNC decays of B meson, which occur via 
b sl~ transitions at quark level. The semileptonic decay modes B — >■ 7^1(1270, 1400)^+€~ have not been observed 
yet, but are expected to be observed in forthcoming and e+e" accelerators, such as LHC[l3 and SuperB[l3. In 
particular LHCb experiment at the LHC could be the first place to observe such decays [l3| • Observation of these decays 
might also provide new opportunities for calculating Vbt and Vts\ the elements of the Cabibbo-Kobayashi-Maskawa 
(CKM) matrix. Recently, some studies on _B ^ iiri(1270, 1400)£+£~ decays have been made [15. - 23j . Theoretical 
studies of the decays into final states containing A'i(1270, 1400) axial vector states is rendered more complicated due 
to the presence of Kl mixing. The properties of axial vector states are studied in 24]. In QCD, the real physical axial 
vector K\ states, K\(\21Q) and iiri(1400) are mixtures of ideal l^Pi(ifi^) and \^P\(K\b) orbital angular momentum 
states, and their mixing is given as 

|i^i(1270)) \_^( \KrA) \ 
|i^i(1400)) )-^'\\K,b) j' 
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where 

\^ cos 0Ki — sm J 

is the mixing matrix, and 9ki is the mixing angle [1^. The magnitude of the mixing angle is estimated to be 
34° < \9ki \ < 58° [25l. [27l [28|. More recently, the sign of Oki, and a new window for the value of 0Ki is estimated 
from the resuKs oi B ^ ifi (1270)7 and r ii:i(1270)i'^ data as[ll] 

^?A'i =-(34±13)°. (4) 

In this study, the results of [l6j is used. Recently, the proporties of low lying meson poles are analyzed in [26| . 
indicating that there might be two meson poles corresponding to pseudo scalar i4ri(1270) states. In this work we 
assume the quark model picture, where there is only one pole, and no space for a second pole. 

In this work, we calculate the transition form factors of B -> iiri(1270, 1400)^+^^ decays using three-point QCD 
sum rules approach. We also estimate the branching fractions for these decays, with the final leptons being e+e~, 
fi'^ fj.~ and T+r~, and compare our results with the ones in the literature. 

This paper is organized as follows. In section 2, the effective Hamiltonian for B —> 1^1(1270, 1400)^+^^ decays are 
defined. The sum rules for these decays are derived in section 3. The explicit expressions for the form factors are also 
presented in section 3. In section 4, the numerical analysis of the results, the estimated branching fractions, and also 
the final discussions and remarks on the results are given. 



II. DEFINING B 7^1(1270, 1400)^+^" TRANSITIONS 

In SM the B — >■ Kil'^i^ transitions occur via b — >■ s£^£^ loop transition, due to penguin and box diagrams shown 
in Fig. [T] The effective Hamiltonian for b — !• s£+£~ transition is written as[T7| 



+ CioS7p(l - 75)^7^ 75 ^ 

- 2Cff — sa^r.q''il+^5)bl^^l}, (5) 



where C^^^ , C^^^ and Cio are the Wilson coefficients, Gi? is the Fermi constant, a is the fine structure constant at 
the Z scale, Vij are the elements of the CKM matrix and q = p — p' is the momentum transferred to leptons. By 
sandwiching the effective Hamiltonian in Eq. [5] between initial and final meson states, the transition amplitude for 
B Ki£'^£~ decays is obtained as 

■M = ^^tb^;s X f^C'/f{K,{p',e)\-sU^-j5)b\Bip))h,l 
+ Cio(i^i(p',e)|s7^(l - 75)b\B{p))h^-f5l 

- 2C'/^'^{Ki{p',e)\sa,,q^{l+j,)b\B{p))h^l^, (6) 

where p{p') is the momentum of the B{Ki) meson, and e is the polarization vector of the axial vector Ki meson. 
In order to calculate the amplitude, the matrix elements in Eq. [B] should be found. These matrix elements are 
parameterized in terms of the form factors as 



2^ 



(i^i(p',e)|s-7^(l-75)&|S(p)) = ^^^e^.a0e*>V^-V^i9'(M + m)e; 



-—-—[t.p)P^ + —-—{t.p)q^, , 7) 

M + m M + m 
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^T^{q')[{M^^m^)el-{e*.p)P,] 



^Uq')ie*.p) 



(8) 



where P = p + p' , M = Mb, the mass of the B meson and m = is the mass of the Ki meson. The Dirac identity 



(9) 



with the convention 75 — 170717273 and e, 



factors with the ones in the hterature [la, [13, [231 presented in table |T| 



-1 requires that Ti(0) = 72(0). The relation of the chosen form 



TABLE I: The relation of form factors used in this work, and used in literature [l6l. [itI. [25| . 
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V3 


— 2m(M + m) /-rr 
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Ti 


Ti 
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T2 


T2 


9+ 9- M + m 


Y2 


T:i 




g- + h{M + ra) 
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In this work the branching fractions of S Xi(1270, lAQQ)t^i transitions are also estimated. The partial decay 
width of the B meson is found by squaring the amplitude in Eq. [6l and by multiplying the phase space factors as 



(10) 



where q = q^/AP, X{a, b, c) = + b"^ + - 2(ab + be - 



and 



A(g) = —M^Re 
3rq 



l2M^mqX{l,f, q){{£3 - 2?2 - 2?3)f r 

- {£2 +£3- ■DaWi} + l2M^mq{l - f)A(l, f, q){£2 - - Vl) 

+ A%mifq[i£iVl+2M^\{l,f,q)W} " 16A/4fq(TO, - q)A(l, f, q){ |£o|' + |2?o|'} 

- QM^miq\{l,f, g){2(2 + 2f- q)£2V; - q\{£3 - Pa)!'} 

- AM^X{l,f, q)[m{^ -2f + q)+ q{l - f - q)]{£i£; + V^V^) 
+ q[6rq{3 + v^) + A(l,f,q)(3 - v^)][\£i\'' + pi^} 



2M 



f4A(l, f, q)[mi[\{l, r, q) - 3(1 - ff] - A(l, f, q)q][\£2? + |I?2p} 



(11) 



and f — m? /IVP, rhi — mf /IVP and v — i/l — 4:rhi/q is the final lepton velocity. The following definitions are also 
used. 



V, 



M + m 
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C. 



M + m 



M2 



{a 



eff 



Ci 



M + m 

A'l + TO 



e//,r3(g2) 



2^1 = {C;^^ + Cw){M + m)Vi{q^) + {2m,,C^,ff){M'' -m^) 

£2 
£3 



T2{q') 
q' ' 

^Uq') 



eff 



q- 

n{q') 



(CI" - Cio)(M + m)Viiq^) + {2mkC',ff){M^ ~ m^)^^^ 



-■9 
^eff 



'i^,^-^V2{q') + {2m,C^/f)^ 
Vsiq^ 



M + TO 
-leff 



q 

eff\ 



T2{q' 



rTsiq') 



M + Tn 



(12) 



III. SUM RULES FOR B it"i(1270, 1400)£+£" TRANSITIONS 

In this section the sum rules for the form factors of B — >■ if 1 (1270, 1400)^"''£~ transitions are found. In QCD sum 
rules approach, to obtain the matrix elements in Eqs. [7]and[8l one can start from the three-point correlation functions 



n;t^b',p") = *'y'dx'*d2/^e-*f-e^P'^(0|T[J,^(2;)J^nO)4(^)]|0)> 

Kl>'^P") = d^'d2/'e-P-e^^'^(0|T[jJ^(y)J^-(0)4(:r)]|0), (13) 

where = sj^j^d and Jj^ — sa^pj^d are axial vector and tensor interpolating currents creating Ki states, Jb = b'-f^d 
is the interpolating current of B mesons, and = J^-^'T+pt are the vector and tensor parts of the transition 
currents with J"^^^ — &7^(1 — 75)5 and J^+p^ = b(T^gq^{l + 75)3. 

The correlators are calculated in the following way. First, they are saturated with two complete sets of inter- 
mediate states with same quantum numbers of the initial and final state currents. These calculations in terms of 
the matrix elements of ifi(1270) and -ftri(1400) states form the phenomenological part of the QCD sum rules. The 
phenomenological parts of the correlators (Eq. [T3)) can be written as 



(0|J,^|jfi(1270)(y,e))(jfi(1270)(p',e)|J°|i?(p))(i3(p)|JB|0) 

RiR 

(0|J,^|jfi(1400)(p',e))(jfi(1400)(y,£)|J°|i3(p))(i3(p)|JB|0) 

R2R 

higher resonances and continuum states, 

(0|jJp|ifi(1270)(y,6))(jfi(1270)(y,6)|J^"|i3(p))(i3(p)|J^|0) 

RiR 

_ (0|Jjp|ifi(1400)(p',6))(gi(1400)(y,e)|J°|i3(p))(i?(p)|JB|0) 

R2R 

+ higher resonances and continuum states, (14) 
where R ^ — , Ri = p'^ — T'n'^Xi(i2m) ^'^'-^ — p'^ ~ "^Ki(14oo)' matrix elements for the B meson is defined 



(15) 
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In QCD sum rules, each correlator function has its own continuum. Due to this fact, obtaining the matrix elements 
{Ki{1270){p',€)\J^\B{p)) and {Ki{UOO){p' , e)\J^\B{p)) from two correlator reduces the reliability of the sum rules. 
An alternative way to obtain the transition matrix elements is to express _ffi(1400) and isri(1400) states in terms 
of KiA and Kib which are G-parity eigenstates as defined in Eq. [^flB', Tg^.Iu this work, G-parity is used as a 
generalization of C parity defined for qq mesons to qq' multiplets as done in[15]. 

The matrix elements {Ki{1270)\Jfj,\B) and (i4ri(1400)| J^ji?) in Eq. |6]can be written in terms of matrix elements 
{Kia\J,,\B) and (Xi(1400)| J^|S) states asjH 



{K,(1270)\J^\B)\ ( {K,MB)\ , . 

{K^{UOO)\J,\B) ) ' \ {K,b\J,\B) ) 

where are any of the transition currents. Due to this relation, the form factors parameterizing 
(i4ri(1270, 1400)1 matrix elements can be expressed in terms of the form factors parameterizing {Ki(A^B)\JtJ.\B) 

matrix elements as follows 



^,^1400 




(17) 



where /, is defined as the form factors {A, Fi, V"2, V'a, Ti, Ta, Ts} respectively for i = 1,2,..., 7, and j}"^^^ , Z/^™, 
and denotes the form factors parameterizing (i4:i(1270)| J^|B), (i4:i(14G0)| J^|B), {KYA\JiAB) and (/sTislJ^I^) 
matrix elements respectively. The values for factors ^, and ^' are given in table |TT1 where ra\ = (1270)1 

TO2 = »Ti;fj^(i4oo), mA = m-KiA ^'^^ "^s = rriKiB- The masses of Kia and Kib states are defined as[l6j 



^K^n = "^1-1(1400) sin^^/f + m|.^(i27o)COs2^'K- (18) 



TABLE II: The values for factors 5, 5', ? and <;' for the form factors. 







? 




A,V2,V3 l/(M + mi) 


l/(M + m2) 


1/{M + mA) 


l/(M + ms) 


Vi (M + mi) 


(M + ma) 


(M + mA) 


(M + ms) 


Ti,T3 1 


1 


1 


1 


Ta (M^ - ml) 


(M^ - mi) 


(M^ - mi) 


(M^ - ml) 



Inserting Eqs. and \W\ in Eq. [TH and applying double Borel transformations, the phenomenological parts of the 
correlators are found in terms of G-parity eigen states as 



s^\KMp': ^)){Kia{p', e)| + c^\Kib{p'. e)){KMp', e)\ 



+sc[ \K,a{p', e)){K,B{p', e)\ + \K^b{p\ e)){K,A{p', e)\ 



J^^\B{p)){Bip)\JB\0) 



c^\K,a{p\ €)){K^a{p', e)\ + s^\K^b{p'. e)){K^B{p', e)\ 
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sci \K,Aip', e)){K,Bip\ e)l + \Kib{p', e)){KiA{p', e)| 



r^\Bip)){B{p)\JB\0) 



+SC |i^i^(p',e))(ifiB(p',e)| + \K\Bip',e)){K,Aip',e)\ 



rJB{p)){B{p)\JB\0) 



-M 

e <! (0| J- 



c2|ifi^(y, e)){K,A{p', e)\ + s'\K,Bip', ^)){Kib{p', e)\ 



-sci \K,a{p'. e)){K,B{p', e)\ + \K,b{p' , e)){K,A{p\ e)| 



JI\B{p)){B{p)\Jb\Q)). 



(19) 

where s = sin and c = cos 0a'i • and M| appearing in Eq. [Tulare Borel mass parameters and fl denotes the Borel 
transformation of 11. The double Borel transformation with respect to the variables p^ and p'^ [p^ -> Mf,p'^ — > 
is given as 



1 



1 



(-1) 



m+n 



1 



(20) 



r(m)r(n) (M2)™-i(M|)«-i' 

The matrix elements oi Kk^ a.b) states are defined in terms of both G parity conserving and violating decay constants 
discussed in [2^. The G parity conserving decay constants are given as 

{KiA{p',e)\sj^'y5d\0) = ifK.^mAe*^, 

{KMp\e)\sa^.j5d\0) - fk.sKpl - elp'^l (21) 

and the G parity violating decay constants are given as 



{KiA{p',e)\saf,^-f5d\0) = ifK^Aaa"^"^[<^i,P'u-<^uPt, 
(i^iB(p',e)|s7p75d|0) = z/^^ms(lGeV-)a{l^^-e;, 



(22) 



where /ifj^(= Ja) and f^_^^[= Jb) are the decay constants of Kia and Kib mesons, and ciq^^^ and ajj^^^ are 
the zeroth Gegenbauer moments. Since the Gegenbauer moments are zero in SU{3) limit [Tsj . the G parity violating 
matrix elements are expected to be small. In 2j|, their values are predicted to be consistent with zero. In this 
work, they will be neglected. After defining the matrix elements {Ki(A.B)\Jti\B) and inserting in Eq. [jnithe following 
assumptions are made. 



e^s2|ifi^(p',e))(ifi^(p',e)|+e^c2|i^i^(p',e))(i^i^(y,e)|~e^|ifiA(p',e))(ifiA(p',e)| 

-771^ -m^ 

e~^c^\K^B{p',e)){KMp',^)\+e^s^\K^Bip\e)){KMp\^)\-e^\KiBip\e)){K^B{p',e)\ 
(e^ - e~^).sc (^K,a{p', e)) {K,b{p' . e)\ + \K^b{p\ e)) {K,a(p' , e)|^ ^ 0. 

(23) 

The numerical values of the masses of Ki states given in numerical discussions satisfy mi < mA < rns < TO2- And 



also the minimum value of the Borel mass parameter M| guarantees e ''^^ > 0.94. Due to this considerations the 
assumptions made in Eq. [^Sleffects the results of the form factors by less than 3%. After employing the assumptions 
defined in Eq. [221 the phenomenological parts of the correlators are written in terms of G-parity eigenstates as 



K^iP^p") = -e"U"^ {0\jMiA{p',e)){KMp',e)\rjB{p)){B{p)\JB\0) 



^l^^.ip^p") 



- _ 



I e {Q\jl^\KMp,^)){K,B{j>',e)\j;\B{p)){B{p)\JB\Q). 



(24) 
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Using equations [T5l [211 and [24l and summing over the polarizations of the Kk^a.b) mesons, the so called phenomeno- 
logical parts of the correlation functions are found and expressed in terms of selected structures as 



frA{T+PT) 



-fArriAe i e 2 



mil + rric ' 



g^^AAiM + mA) 



1, 



+ -V2a{M + mA)ip^p,+p'^P.) 
+ ^V3a{M + mA){Pi,Pu - p'^Piy) 



ViAS^.pspPp"' 
(M + toa) 

FbM^ 



+i 



/^m^e 1 e " 

T?.A{Pt,P,^ +p'aPu)/'2- 



mi, + mc 

T2A9tj.}^ 



iTlAS^upgP^P''^ 



(25) 



and 



fjT(V-A) 



frT(T+PT) 



+ ^^^2S(M + mB){PpPy+p'f,Pu)Pp 

+ ]^V:>.b{M + mB){PpPu - p'pPu)Pp 



Ab{M + mB)gpuP'p 



+i 



VlB£puagP°'P '^Pp 

(Af + ms) 



/se 1 e 2 

T2BgpuPp_ 

{AP-mD 
+ \tzb{PpPu + p'pPu)Pp 



i^TiB£pvagP°'p'^Pp 



(26) 



In QCD sum rules, the correlation functions are also calculated theoretically using the operator product expansion 
(OPE) in the space-like region where p'^ ^ (m^ + m^)^ and p^ <^ {mb + mdf in the so called deep Euclidean region. 
The contributions to the correlation functions in the QCD side of sum rules come from bare-loop (perturbative) 
diagrams and also quark condensates (nonperturbative). The correlators can be written as 



f\A(y-A) 

pv 



^AAgiLiy 

^'^V^AiPuPv+P'pPv) ^V3a{VpPv-P'pPu) 



f,A{T+PT) 



' {PpPu+P'pPu) 

+^^T3A , 



(27) 



and 



'-'-pup 



[PpPu +P'pP^)Pp 
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2 

-^Ab9pvP'p + i^ViB^pvaeP°'p'^Pp^ 



fTT[T+PT) _ ■ ^TiB ^p-vagP^P'^Pp 
'^'-pup — * 2 



+^T2b9puPp 

(28) 



nT3fl(PMP'^ +p'p^Pu)pp 



2 

Each of Ily.^^ are expressed in terms of perturbative and nonperturbative contributions as 

ri..,^„=nf* +n"o"p-t, (29) 

Ji(A,B) JiiA.B) Ji(A,B) ^ ' 

The perturbative parts of the correlators are written in terms of double dispersion relation for the coefficients of the 
selected Lorentz structures, as 

t\Pf^ = J dsj ds'pf^{s,s',q^)e^e^ , (30) 
where pf^{s, s' ^q^) are the spectral densities defined as 

PfMs';q') = ^ ' (31) 



The spectral densities in Eq. [30] are calculated by using the usual Feynman integral for the loop diagrams, with the 
help of Cutkovsky rules, i.e., by inserting delta functions instead of the quark propagators ( aj^^a — ^ 2iTTS{p^ — m^)), 
implying that all quarks are real. The physical region in s, s' plane is described by the following inequality 



1 ^ J^ _ "^ss' + (ml-s- ml){s + s' - q^) + 2s{ml - mg) ^ , ^ 

X^'^{mls,ml)\y^{s,s',q^) " ^"^^^ 

The calculations lead to the following results for the spectral densities. For the {Kia\Jp\B) matrix elements, the 
spectral densities are calculated as 

PAa = 2[M + m)h{md + {~mh + md)Ai + {md + ms)Bi}, (33) 
2 

PViA = H— I(i{md[{md-mi,){md + ms) - q'^ + s + s'] (34) 

M + TO 

+ [2msS + TOb(gf^ - s - s') + md{-q^ + 3,s + s')]Ai + 4(TOfc - md)A2 
+ [{md + TOs)(s - g^) + (tos + 3TOd - 2mb)]Bi}, 
PV2A = 2{M + m)Io{md - {mb - 3md)Ai + {rud + ms)Bi (35) 
-2{mb-md){B2 + D2)}, 

PV3A = -2(M + to)/o{to<j - (TOh + TOd)Ai + (TOd + TOs)Bi (36) 

+2(TOfc-mrf)(B2 -i?2)}, 

PTi^ = -4e"?e"?/o{TOd(TO, -mb)+6A2 (37) 

+ [s + {md - ms){ms + md)]Ai + [s' + {md - ms){ms + md)]Bi 

+2sB2 - [q^ - s){C2 + D2) + s'{C2 +D2 + 2F2)} 
2 

PT2A = 7^Io{~md[2md{s - s') +ms{q^ + s - s') +mb{q^ - s + s')] (38) 

+ [—m\{q^ + s — s') — nidmsiq^ + s — s') + mb{md + ms){q'^ + s — s') + s(g^ - s + s')]Ai 
+2{q^ + s - s')A2 + [{nid - mb){md + ms){q^ ~ s + s') ^ {q^ + s - s')s']Bi}, 
pT3A = 2Io{mdi2md - mb + rus) + [s + {rud - mb){md + ■ms)]Ai (39) 
-2A2 + [s' + [md - TOfc)(mrf + ms)]Bi + 2q^D2). 



{Kib\Jh\B) matrix elements, the spectral densities are calculated as 

PAs = -S{M + m)Io{s,s',q^){Bi+D2 + F2}, 

PViB = j^^^Io{s,s',q'^){{mb-md)md- sAi 

+[{mb - md){md + m^) + - s - s']Bi - 2s£>2 + - s - s')F2}, 
pv,B = -4.iM + m)Io{s,s',q^){Bi+D2 + F2}, 
pv,B = 4.{M + m)Io{s,s',q^){Bi-D2 + F2}, 
PT^B = SIo{s,s\q^){{mb-ms){Bi+D2+F2)}, 
—4 

PT2B = j^2 _ ^2 ^o{s,s\q^){[s' + [md - mb){md + m^) - 4(TOfc - 77x^)^2] 

+ [sms + s'nib + rridiq^ — 2s')]Ai + s' {nib ~ ^irid + ms)Bi 
+ {md - mb){q^ + s - s')B2 + {mb - md){q^ - s + s')C2}, 
PT3B = -4/o(s, s', q^){md - {rub - 2md)Ai - 2{mb - 2m.d)Bi 
-{mb-md){B2 + 2D2 + F2)}, 



Io{s,s',q'^) 
Bi 



1 



A2 (s, s', q^) 

s'io^ +s- s' - 2ml) + ~ s + s')+ ml{s + s' - q^) 

q^ -{.s-.s'Y -2q'^{s + s') ' 
s{q- - .s + .s' - 2;/if ) + >>ij{q- + h - .s'j + inii-.'i - .s' + q-) 



qi-{s-s'f-2q^{s + s') 

M = _ (, _ _ 2q^s + s')) ^^'^^ + + + ^'^^ - - ' + ''^^ 

-ml[s'{q^ + s-s')+ ml{q^ - s + s') + m^(s + s' - q^)] 
-mlimliq'' + s - s') + q^{-q^ + s + s')]}, 

= i,' - (. - .0-'- 2.A» + ^0)- ^ ^ - ''''' ^ 

+s'2[6m^ + / + 4sq2 + - Qml{q^ + s - s') - 2{q^ + s)s' + s'^] 
+m^[(92-s)2+4gV-2ss' + s'2] 

-2to2s'[(74 - 2s^ + (/^(s _ 2.s') + ss' + sP"™^^ ^ 3^2^^^ ^ ^/ _ ^2^] 
-2m^[m^((,s - q^ f + (,s + ^z^),' _ 2s'^) + s'(-2g4 + (5 - s'f 
+ iml{q^-s + s')+q\s + s'))]], 

(T^TT^Tp^rWTTF^^"^^''' - . - s')s' 

-2ml[(ml - ml){q^ - sf + 2mls'(q^ - 2s) + s{ml{q^ + s) + {q^ - s){q^ + 2s)) 

- s'^{2ml + ml+ 2q^ - s) + s'^] 
+m'^[2q^-{s-sr-q'{s + s')] 

-m\\-q^ + <l\s + s') - (s - s'f{s + s') + q^{s^ - 6ss' + s'^) 

+ 2ml{(f - 2s2 + - 2s') + ss' + s'^)] 
-s[3mi{s + s'- g2) + 2ml{iq^ - s)^ + (g^ - s)s' - 2s'^) 

+ s'{-2q^ + s-s'^ + q\s + s'))]}, 

D2 = C2, 

F2 = (,4 _ (, _ 2,2(, + ,,))2 imt^k' + <l's + s^ - 2s' (q^ - s) + s'^] 

+s^[6m'l + [q^ - s)2 + Aq^s' - 2ss' + s'^ - Qmliq^ -s + s')] 

+m^[/ + .s^ + 4.S.S' + - 2q^{s + s')] 

-2mls[-2q^ + (s - s')' + Smliq^ + s - s') + q^s + s')] 
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-2ml[ml{q'^ - 2s^ +q^{s- 2s') + ss' + s'^) 

+ - sf + {q^ + - 2s'2 + 3m%s + s' - g^))]}. 

The nonperturbative contributions to the correlators are calculated by taking the operators with dimensions d = 
3{{qq)) and d = 5{mQ{qq)) into account. For the (i^i^l J^|i?) matrix elements nonperturbative parts of the correlators 
are calculated as 

1 1 TTl'^ 

= (M + m){qq){^} + ml{M + m){qq){^ - ^ (55) 
ml 1 rnl-q^ 



(qq) ^ im,-m,)'-q\ 
= MT^^ 2^' ^ 

+ ImbTTis — q^ + Tmbiris — q^ 



+^ + 



8rr'^ 8r^r 
((mfa - rris'f - q^){ml + ml - q^) 

„2„/2 J' 



-m^(M + m)(gg){ 



1 

7l 

TOs 1 



n^,, = (M + m)(gg){— } (57) 



9 2 2 

ny3, = -(M + m)(gg){^} (58) 

m2(M + m){qq){£^ - + 
^ rrib q^ - - mg 

nri^ = -('7'7){Y^}-™o(g'?>{ ;;:75 + ^^^^ 

(mfe + 8tos) (mfc + ms) _ {mb - ms)(m^ - g^) 
8rr^ 8rV SrV^ 

(99) r (m6)(8m^ - 9m2 + 8mb{mb - 2ms) - 8g^) 
— rr 
_ moiqq) .ml{mb + ms){ml - 2mbms - q^) 



- m^ Ar^r' 
[2ml + 7m^"^s - rusjlml - 2ml + V) + 2mb{-ml - g^)] 

16rr'^ 

[9mg + 2m^g^ + mb(-14mg + 7g^)] 

{mb + ms){ml - q^){ml - 2mbms - q^) 

ml{mb + ms)(mg - 2mbms -<f) ^ 

„ , r mb ^ ml{mb-ms) ml{mb - m^) , , 

"ts. = (99){Yg;:^} + mo((zg){ + 4^3^/ (61) 

^ (8m;, + TTig) _ {mb - ms){ml - q^) ^ {mb + 8ms) 
16r^r' 16r^r'^ 8rr'^ 



11 



For the {KiB\Jfj\B) matrix elements the nonperturbative parts of the correlators are calculated as 

n^, = 0, (62) 



{qq) mb m^qq) m'j.mb m. 



.m 



2 



Sr'^r 8r'r2 8r2r'2 

(64) 
(65) 
(66) 

(qq) ^msimb + ms)^ ml{qq) ml{mb + rris) mljmb + nis) , - 





+ 


11^2 B 


= 0, 




= 0, 




= 0, 







Af 2 — m2 rr' Af2 _ ;7j_2 2r'^r 2r^ 

ms{mb + ms)(m^ — g^) Tmbiris + — liribm 



8^,2^/2 8^/2^ 8^/^2 



nT3. = ^Um^^^l (68) 

In the expressions of non-perturbative contributions to correlator (Eqs. l55l to [68|) . the first terms in brackets which 
are proportional to (qq) are d — 3 dimensional, and the second terms in brackets which are proportional to m'^{qq) 
are d = 5 dimensional contributions corresponding to operators {qq) and {qaGq) . The non-perturbative contributions 
coming from d = 4 dimensional operators which are proportional to md{qq) and {g'^G'^) are neglected. 

To obtain the final expression for the sum rules of the form factors, the quark hadron duality assumption, which 
states that the phenomenological and perturbative spectral densities give the same result when integrated over an 
appropriate interval, is used. The quark hadron duality is expressed as[30| 



dsds'lp'}^ (S, S', _ (s, s', ^2)1 ^ 0^ (gg) 

where sq and Sq are the continuum thresholds in s and s' channels, and p^{s,s',q^) is the spectral density of the 
continuum in the phenomenological part. 

After calculating all spectral densities and nonperturbative contributions to correlators, by equating the coefficients 
of the selected structures from the phenomenological side (Eqs. [25] and [26]) and the theoretical side (Eqs. [271 and [28| . 
the QCD sum rules for the form factors parameterizing I-^/jI^) matrix elements are found as 




f , 2n mb + nid. jpi 

fAmAFsM^ 



and 



f ds l\s'epf^Js,s\q')e^e^ +11]:^/^^'}, 



pds y"°d5'ep/.,,(s,.',g2)e#e%+n— *}. 



where O = 0(1 — f{s,s')'^) is the unit step function determining the integration region and /(s, s') is the function 
defined in Eq. |32l The expressions for the form factors of S iiri(1270, 1400)^+^^ transitions are obtained by using 
Eq. HZl 



IV. NUMERICAL RESULTS AND DISCUSSIONS 



In this section, the numerical results for the B — )■ Kii^i transitions are presented. The expressions of form factors 
and the effective Hamiltonian depend on the parameters Mf, M|, sq, Sq, on the masses and decay constants of the 
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TABLE III: The values of the input parameters for numerical analysis. 



INPUT PARAMETERS 


Mb = 


5279 MeV rs = (1.525 ± 0.002) x lO'^^s. Fs = 0.14 ± 0.01 GeVfU] 


= 95 ± 25 MeV 


mt = (4.7 ± 0.07) GeV' rn-d = (3 - 7) MeV fll] (gq> ee (dd) = -(240 ± 10MeV)3[31] 




mKi(1270) = 1.27 GeV mxi(1400) = 1.40 GeV 




/a = (250 ± 13) MeV /s = (190 ± 10) MeV 




mA = (1.31 ±0.06) GeV ms = (1.34 ± 0.08) MeV [11,23,24] 


Vtb 1= Q■^^toM 1 Vts 1= (40.6 ± 2.7) X 10-3 [35] 


Cio = -4.669 Cg^^ = 4.344 C^"' = -0.313 [29] 


Gf = 1.17 X lO^^GeV'^ a = 1/129 [11] 




= 16 ± 2GeV^ M| = 6 ± IGeV^ so = 34 ± 4GeV^ So = 4 ± IGeV^ 



ii'i and B states, on the values of Vij, and on the values of the Wilson coefficients C7 , Cg and Cio. The values 
of the input parameters are presented in table IIIII 

The explicit expressions of the form factors in Eqs. 1701 and ITT] contain four auxiliary parameters: Borel parameters 
and M|, as well as the continuum thresholds sq f^nd Sq. These are not physical quantities, hence the physical 
quantities , form factors, must be independent of these auxiliary parameters. The working region of Mf and M| is 
determined by requiring that the higher state and continuum contributions are suppressed and the contribution of the 
highest order operator must be small. These conditions are both satisfied in the following regions; 12 GeV^ < < 
20 GeV^ and 4 GeV^ < M| < 8 GeV^. The dependence of form factors Tia and Tib on Borel masses at = are 
plotted in figures [2Ua) and[2jb). From the figures it is found that the results are stable in the working region of Borel 
mass parameters. 

The continuum thresholds sq and s'q are determined by two-point QCD sum rules and related to the energy of 
the excited states. The form factors which are the physical quantities defining the transitions, should be stable with 
respect to the small variations of these parameters. In general, the continuum thresholds are taken to be around 
(whadron + 0.5)^ [sl - fs^ . The dependence of form factors Tia and Tib on continuum thresholds at = are plotted 
in figures [2ljc) and[2l^d). From the figures it is found that the results are stable for variations of sq and Sg. 

The sum rules expressions for the form factors are truncated at 7 GeV^. In order to extend our results to the whole 
physical region, i.e., < < (m^ — rriKi)'^ and for the reliability of the sum rules in the full physical region, a fit 
parametrization is applied such that in the region —lOGeV^ < < —2 GeV^, where the spectral integrals can be 
handled safely by applying Cutkovsky rules. This parametrization coincides with the sum rules predictions. To find 
the extrapolation of the form factors in the whole physical region, the fit function is chosen as 



= r^^- (72) 

1 — ag + og^ 

The values for a, b and /i(0) are given in Table HVl and IVl for the form factors of {Kia\J ^j\B) and {KiB\Jfi\B) 
matrix elements respectively. The errors in the values of fi (0) in tables IIVI and |V] are due to uncertainties in sum rule 
calculations and also due to errors in input parameters. 

The dependence of fi,A and /i,_B, the sum rules predictions and also the fit results, are plotted in the range 
— 10 < < AP — m? in figures |3] and ID It is seen from tables HVl and fVl and from figures |3] and [4] that the form 
factors of _B Kia(-'^1'^ transition, i.e. fi^A, and the form factors of S ^ KiBt'^f-" transition, i.e. /^.s are opposite 
in sign. 

For the transitions to physical states, i.e. for B — > i^i(I270, 1400)^?+^^ transitions, the dependence of the form 
factors of i? — > Ki{1210)t^i~ on the mixing angle Oki are plotted in figure [SJ and the dependence of form factors of 
B Xi(1400)^+^^ on the mixing angle Oki are plotted in figure [S] at = 0. The region between two black dashed 
vertical lines is the region estimated as Oki = (— 34± 13)° [T^. It is seen from figures [Sl^a) andlH^b) that the absolute 
values the form factors of B ^ Ki(127Q)i^£^ transition are maximum at = —(45 ± 5)°, and their values are zero 
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TABLE IV: The fit parameters and coupling constants for {K\A\Jti\B) matrix elements. 



fi 


fi(0) 


a 


b 


Aa 


0.47 ±0.08 


0.74 


-0.41 


Via 


0.35 ±0.07 


0.52 


-1.2 


Via 


0.36 ±0.07 


0.41 


-0.74 




-(0.39 ±0.08) 


0.45 


-0.27 




0.38 ± 0.08 


0.73 


-0.36 


T2A 


0.38 ± 0.09 


0.67 


-0.26 


T-iA 


0.36 ±0.07 


0.42 


-0.15 



TABLE V: The fit parameters and coupling constants for {Kib\Ji_i\B) matrix elements. 





m 


a 


b 


Ab 


-0.31 ±0.06 


1.3 


0.37 


Vie 


-0.40 ± 0.08 


1.4 


-0.10 


V2B 


-0.34 ±0.06 


1.2 


0.37 


VsB 


0.39 ± 0.08 


1.1 


0.46 


Tib 


-0.22 ± 0.05 


1.1 


0.24 


T-ZB 


-0.21 ±0.07 


1.3 


0.081 


TiB 


-0.26 ±0.04 


1.1 


0.27 



at 9ki = 42 ± 5°. For the form factors of B ^ Ki{lAOQ)£^l^ transitions, it is seen from figures (BJa) andlHl^b) that 
the absolute vahies of the form factors are maximum at O^i = 40 ± 5°, their values are zero at O^i — —(47 ±7)°. 
Since the region Ok^ = —(47 ± 7)° in which form factors are zero coincides with the region 9ki = (—34 ± 13)°, to 
obtain a precise prediction of the form factors, the mixing angle should be determined more precisely. 

Finally, the branching fractions to leptonic final states e+e", and t+t" for 6ki = —34° are also estimated 

by integrating the partial width in Eq. 1101 The results are presented in table IVTl in comparison with the results found 
in [1^. The first errors in our results are due to uncertainties from sum rule calculations and input parameters, and 
the second errors are due to uncertainty in the mixing angle Ok^ ■ Our results are in good agreement with the results 
found in [l6| . 



TABLE VI: The branching fractions of B ^ it"! (1270, 1400)^+^" decays for 6ki = -34° . 



mode 




this work 








5(^-1(1270)6+ 


6 


) (2.11 ±0.82+°;^^) ^ 


(r, r + 1.4+0.0N 

1^-^-1.1-0.3-' 


X 10" 


'6 


Z3(_R'i(1270)ai+ 




) (2.10±0.8ll°;^J) X 10"'' 


/r, 1+1. 2+0. Ox 
1^-^-0.9-0.2,' 


X 10" 


-6 


Z?(_ft:i(1270)T+ 


r~ 


) (0.42 ±0.21+015) X 10"^ 


fr\ 0+0.4+0.0 X 

(.0.8_o.3-0.lJ 


X 10" 


-7 


5(^-1(1400)6+ 


e~ 


) (l.l±0.4l°-j) X 10-^ 


(o.9ts;:^lgi) 


X 10" 


-7 


Z3(_R'i(1400)ai+ 




) (1.0 ± 0.41°:*) X 10-^ 


(o-6l°:?lJ:«) 


X 10" 


-7 


Z3(_ft:i(1400)T+ 




) (0.3±0.2to.l) X 10"* 


fn 1 +0.0+0.5 \ 
l"-J^-o.o-o.i-' 


X 10" 


-8 
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The experimental bounds on B i4ri(1270, 1400)£+l' decays can be obtained from the inclusive B Xs£~^£ 
decays. The current averages on inclusive decays arejsBi [36|: 

B{B Xsc+e-) = (4.7 ± 1.3) x 10"^[(4.9lli;°*) x 10"% 
B{B ^ Xsfi+fJ.^) = (4.3 ± 1.2) X 10"^[(2.23;°;^^) x 10"^], 

B{B Xsl+r) ^ (4.5 ± 1.0) X 10-^[(3.66;g;^?) x 10"^], (73) 

where the first averages are from PDG[3^, and the second values in square brackets are the recent HFAG averages [3(|. 

The results found in this work (table |VI| are consistent with these average values except B -> /'iri(1270)^+^^. For 
h sfi~^ii~ channel, when the measured branching fractions of exclusive decays B — >■ Kfj,~^^— and B — >■ K*^^^^ 
which amount (1.63 ± 0.21) x 10~^[3H| are considered, the room left for other exclusive decays including B ^■ 
i4'i(1270)/i+/i~ is about (0.6 ~ 2.6) x 10~^. However when the errors are considered, even this channel is still 
consistent with the data. And also when the dependence of branching ratios on are considered (fig. [7]), it can be 
seen that the value of the branching ratio of the B — > Ki{1270)fi^ fi^ can be smaller depending on the mixing angle 
Ok, ■ 

In conclusion, we have calculated the form factors of B — > Knj^ g-^£^£^ transitions using three point QCD sum rules 
approach. We analyzed the behaviors of the form factors of B — ^ transitions. Considering the axial 

vector mixing angle Ok,, we estimated the form factors of B iiri(1270, 1400)^+£^ transitions, i.e. transitions into 
physical states and analyzed their dependence on the mixing angle 9ki at — 0. Using these results we estimated 
the branching fractions into final leptonic states. We conclude that the transitions B — > 7^1(1270, 1400)^+^^ can be 
observed at LHC and further B factories and measurements on the mixing angle can be performed. 
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Appendix A: Figures 
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FIG. 1: The loop penguin and box diagrams contributing to semileptonic B to Ki transitions. 




FIG. 2; (a,b):Tlie dependence of tlie form factors riA(a) and ris(b) on Borel mass parameters Mi and M| at = for 
So — 34:GeV^ and Sq = 4GeV^.(c,d): Tiie dependence of tlie form factors riA(c) and Tis(d) on continuum tliresholds so and 
So at g2 = for M? = 16GeV^ and M| = GGeV'^ . 
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FIG. 3: The (f dependence of the vector form factors(a) and tensor form factors(b) of {K\A\Jti\B) matrix element. The sum 
rules predictions for the form factors also shown with data points connected with a thin line. 
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(b) 



FIG. 4: The (f' dependence of the vector form factors(a) and tensor form factors(b) of (-/fisl J^|-B) matrix element. The sum 
rules predictions for the form factors also shown with data points connected with a thin line. 
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FIG. 7: The 6»Xi dependence of the branching ratios of _B -j- iCi(1270)e+e" (solid), B iCi(1270)/i+^" (dashed), B 
7^1(1400)6+6" (dotted) and B 7i'i(1270)^i+/i" (double dashed) channels. 



